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Metabolic engineering is the science of targeted manipulation of cellular metabolism through
modification/inactivation of specific biochemical reactions and/or introduction of new ones that is
generally obtained by means of recombinant DNA technology. As a rapidly expanding discipline,
metabolic engineering has established a broad range of applications that includes the medical area
(e.g. for the analysis of the metabolism of tissues and organs and the identification of targets for
diseases), the environmental field (e.g. in pollutant bioremediation), and development of cell
factories. The latter includes the: i) extension of the range of substrates; ii) increased production of
desired chemicals; iii) biosynthesis of novel compounds; iv) improvement of cellular properties (such

as the tolerance to stressful industrial conditions).

This special issue provides a glimpse on the richness and diversity of applications of metabolic
engineering in the health/medical, bioremediation and biorefinery fields. Improved production of
molecules with pharmaceutical and/or nutraceutical application has been reported by Niu et al. (Niu
et al., 2019) and Karuppaiya and Tsay (Karuppaiya & Tsay, 2019). Niu et al. (Niu et al., 2019)
undertook a coordinated improvement of both carbon and nitrogen metabolism of Bacillus subtilis to

increase production of N-acetylglucosamine, a compound for arthritis treatment. Karuppaiya and



Tsay (Karuppaiya & Tsay, 2019) introduced a biotechnological approach represents a
promising alternative for producing secondary plant metabolites with recognized pharmaceutical
properties (e.g. anticancer) thus avoiding extinction of threatened traditional medicinal plants. Saba
et al. (Saba et al., 2020) reported an interesting example of cloning of the gene encoding a microbial
antigen, i.e. the 6 kDa early secretory antigenic target (ESAT-6) of Mycobacterium tuberculosis, in
an edible plant (i.e. Brassica oleracea, broccoli) for developing an oral vaccine against tuberculosis.
The review by Yadav and Shukla (Yadav & Shukla, 2019) deals with the growing interest for the
effect of gut microbiota on human health and, more specifically, describes opportunities to exploit
genetic techniques to engineering designer probiotics to target specific diseases. Bioremediation

the use of enzymes and microorganisms for degradation of environmental pollutants-. In this field,
metabolic engineering has been a effered-the-tools to develop improved strains able to degrade the
most persistent pollutants by tailoring their metabolic pathways as described by Huang and Lin

(Huang & Lin, 2019).

Biorefinery intends the production of industrially relevant compounds through biomass
bioconversion, thus replacing traditional less eco-friendly processes such as oil refinery. The
contributions included in the current special issue focus on different challenges that development of
efficient biorefining processes should face. The paper by Sakdaronnarong et al. (Sakdaronnarong et
al., 2019) reminds us the importance of the characteristics (e.g. sugar content, recalcitrance) of the
biomass used as feedstock for the efficiency of 1% and 2" generation biorefinery processes. Mazzoli
(Mazzoli, 2019) the opportunities and challenges of metabolic engineering
strategies aimed at direct fermentation of lignocellulose to lactic acid, a compound with several
applications including the synthesis of biodegradable plastics. Saturation of protein secretion
pathways and accumulation of unfolded proteins by expression of heterologous cellulases is certainly
among the main hurdles of research aimed at engineering cellulolytic ability in industrial producers
such as Saccharomyces cerevisiae. The system developed by Cedras et al. (Cedras, Kroukamp, Van

Zyl, & Den Haan, 2019) benefits the selection of candidate cellulases with reduced induction of the



unfolded protein response. The 3" generation biorefinery, based on microalgae, is the focus of three
reviews in this special issue. Microalgae are alternative attractive platforms for the production of
high-value compounds such as biofuels, enzymes, therapeutic proteins, hormones, vaccines and
vitamins, but their utilization suffers from poor biomass and product yields, and expensive
downstream processing. Shahid et al. (Shahid et al., 2019) summarized state-of-the-art knowledge on
lipid biosynthetic pathways and metabolic engineering strategies aimed at lipid accumulation in
microalgae for exploitation in biodiesel production. Siddiqui et al. (Siddiqui et al., 2019) have
explored the potential and advantages of engineering the genome of microalgae chloroplast instead
of their nuclear genome for biotechnological purposes. Induction of self-flocculation by genetic
engineering seems a promising strategy to improve microalgal biomass harvesting, as suggested by

Malik et al. (Malik et al., 2019).

Engineering microorganisms for improved production of high-value chemicals (e.g. solvents) often
requires engineered strains more tolerant to the compound of interest. Furthermore, microorganisms
in industrial fermentation are exposed to various harsh conditions such as high temperature, high
osmolarity or very acid or alkaline pH. Lv et al. (Lv et al., 2019) discuss strategies, including
rational and evolutionary pathway engineering, for developing strains with tolerance

to industrial environments.

Rapid expansion of metabolic engineering is supported by continuous evolution of techniques for
studying metabolic pathways, such as analysis of metabolic flux and omics (e.g. transcriptomics,
proteomics, metabolomics), thus allowing the identification of metabolic nodes to regulate metabolic
reactions by metabolic engineering strategies and innovative tools. Zhang and Lin (Zhang & Lin,
2019) applied metabolic flux analysis to implement the mathematical model of Saccharomyces
cerevisiae metabolism so as to better describe growth under redox potential-controlled during very-
high-gravity ethanol production, which are more relevant to industrial ethanol fermentation. -Yang et

al. (Yang et al., 2019) exemplifies that the omics datasets could be a convenient approach to discover



new regulatory elements (e.g. ethanol-inducible gene promoters). Although most metabolic
engineering studies have relied too much upon “traditional” gene manipulation, e.g. gene deletion,
sophisticated tools such as Clustered Regularly Interspaced Short Palindromic Repeats -interference
(CRISPRI) has been recently used as a more tunable strategy to repress gene expression as described

by Schultenkamper et al. (Schultenk&mper, Brito, & Wendisch, 2020).

A farther step towards “unconventional”” metabolic engineering is presented by Ge and Xu (Ge & Xu,
2019) based on cell-free protein synthesis. Cell-free metabolic engineering offers a number of
advantages over traditional metabolic engineering such as the production of compounds which are
toxic for cells and prevention of byproduct biosynthesis (by excluding unnecessary pathways) but
requires optimization. Their investigation targets the macromolecular crowding effect on the

efficiency of in vitro biochemical reactions.
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